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THE EFFECT OF METHOXYPSORALEN-I NDUCED PHOTOSENSITIZATION
UPON EPIDERMAL AND SERUM SULFHYDRYL*
JOHN M. KNOX, Mi). AND RYOHEI OGURA, Ml)., Pu.D.
Studies of drugs that alter tissue response to
ultraviolet irradiation have enhanced our under-
standing of the biological and biochemical
changes produced by photosensitivity and car-
cinogenesis. Among these drugs, methoxypsora-
len has received the most attention (1).
Route of administration seems to greatly influ-
ence the effects of methoxypsoralen. For exam-
ple, topical application produces a high degree of
photosensitivity, whereas oral administration
produces only a moderate degree. Irradiation
reactions are much more intense after intraperi-
toneal injection than after oral administration,
yet considerably less violent than the severe
responses resulting from topical application.
Psoralen-induced photosensitivity is phototoxic
regardless of the route of administration.
The route of administration of methoxypsoralen
also effects the rate of tumor development. For
example, Griffin and associates (2, 3, 4) demon-
strated that intraperitoneal injection of this drug
greatly accelerated the growth of skin tumors in
albino mice, whereas oral administration seemed
to provide slight protection from the carcinogenic
effects of irradiation. These authors also ob-
served an apparently rapid metabolization and
excretion of this chemical compound. When they
injected it intraperitoneally 24 hours before ultra-
violet exposure, the severity of erythema that
occurs after irradiation was considerably de-
creased. Although Urbach (5) also observed the
growth-accelerating effects of intraperitoneal
injection, he did not observe accelerative or pro-
tective effects with oral administration.
This variety of response might be contributed to
different tissue concentrations of the phototoxic
agent, to the possible alteration of methoxy-
psoralen when absorbed from the gastro-intes-
tinal tract or to the possible difference in metabo-
lization of the compound when absorbed from
the peritoneal cavity.
Sulfhydryl and disulfide concentrations are
known to be altered by ultraviolet irradiation;
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therefore they provide a means to study bio-
chemical variations in tissue responses to ultra-
violet irradiation.
MATERIALS AND METHODS
Experiment 1
Young male rats were divided into the following
groups of five to seven rats each:
Group 1. These animals were untreated and
served as a control group.
Group 2. These animals were fed powdered labo-
ratory chow containing 0.5 grams of
methoxypsoralen per kg of the diet.
Group 3. Each of these animals received an in-
traperitoneal injection of 0.4 me-
thoxypsoralen one hour before
irradiation.
After one month of feeding, animals in Group 2
were killed by cutting the carotid arteries. Ani-
mals in Group 3 were killed within one hour after
the injection of methoxypsoralen to prevent loss of
the compound through metabolism and excretion.
Serum from all animals was titrated immediately
after death to determine sulfhydryl concentration.
To collect epidermal sulfhydryl, hair from the
animals' backs was manually plucked, and the
epidermis was separated from the dermis by
Baumberger's ammonium method (6). After being
washed with cold ether three times, the defatted
epidermis was left for several minutes in a small
beaker immersed in dry ice and acetone. Then the
material was lyophilized by the usual technic,
pulverized, and refrigerated in a tightly sealed
container.
Each sample of powdered epidermis or separated
serum was divided into two parts. One part was
used as the unirradiated control; the other part
was spread over the surface of a Petri dish and
irradiated for ten minutes at a distance of 50 cm
with a hot quartz ultraviolet lamp emitting a
broad spectrum4 Immediately after irradiation,
the material was prepared for titration.
The amount of serum or epidermal sulfhydryl
was quantitatively determined by amperometrie
mercuric titration, using a rotating platinum elec-
trode in a phosphate buffer solution (7, 8). With
serum, 0.5 ml was used for each determination.
t For intraperitoneal injection, methoxy-psoralen was suspended in a diluent consisting of
10 per cent ethanol, 5 per cent glycerine, 1 per cent
pectin and water.
t The amount of radiant energy striking each
sample was 25.8 X 10 erg/cm2.
96 THE JOURNAL OF INVESTIGATIVE DERMATOLOGY
For determining epidermal sulfhydryl content), 30
mg of powdered epidermis was homogenized in 2
ml of cold saline solution while immersed in ice
water to prevent degradation by the heat of grind-
ing. The homogenate was kept in a water bath at
40° for one hour before being titrated.
Experiment 2
In this experiment, concentrations of me-
thoxypsoralen varying from 0.8 X 106 to 2.6 X
10 were added to serum; then sulfhydryl values
were determined before and after irradiation.
EESULTS
Before ascertaining the effects of methoxy-
psoralen on response to irradiation, it was
necessary to determine if drug administration
alone altered normal values. With unirradiated
Sulfhydryl
control samples of serum, oral administration
caused sulfhydryl values to rise above normal,
whereas intraperitoneal injection decreased these
values. However, neither route of administration
altered epidermal sulfhydryl concentrations.
Figures 1 and 2 illustrate that sulfhydryl con-
centrations in control and irradiated material
varied greatly with the route of administration.
The usual response to irradiation for both epi-
dermal and serum sulfhydryl from control ani-
mals was a slight increase in values, but when
methoxypsoralen was orally administered sulf-
hydryl decreased after irradiation. After intra-
peritoneal injection, the expected increase oc-
curred (Table 1).
Statistical analysis of the data obtained in the
above-outlined experiments yielded significant
p M / 100 ml.
50
40
30
20
10
I I Before Irradiation
Standard Error
V//2221 After Irradiation
FIG. 1. The effect of broad spectrum ultraviolet irradiation on serum sulfhydryl
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FIG. 2. The effect of broad spectrum ultraviolet irradiation on epidermal sulfhydryl
TABLE 1
Alterations 'in sulfhydryl concentrations after liltraviolet irradiation
Serum Sulfhydryl Epidermal Sullhydryl
Before irradiation After irradiation Before irradiation After irradiation
Untreated group..
Feeding group. .
Injected group. ..
38 0.8 /hM/100 ml
Higher
Lower
Increase
Decrease
Increase
23 1.8 X 1O mM/lOU g Increase
Equal Decrease
Equal Increase
differences (at the 0.05 level) between the effects
of oral administration and the effects of intra-
peritoneal injection.
Adding methoxypsoralen to the serum did not
effect sulfhydryl unless the serum was irradiated.
Low concentrations produced the expected post-
irradiation rise in sulfhydryl values; yet high
concentrations prevented the rise. (Table 2 and
Figure 3).
DISCUSSION
Oral administration produced effects on serum
and epidermal sulfhydryl levels opposite to those
of intraperitoneal injection, thus indicating that
an intermediate compound may be responsible
for the difference. A similar phenomenon may
explain the differences between topical and oral
psoralen photosensitivity. Before establishing
such an hypothesis, intermediary metabolic
Untreated Feeding Injected
Group Group Group
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FIG. 3. The effect of ultraviolet irradiation on serum sulfhydryl with various concentrations of 8-
methoxypsoralen.
TABLE 2
of 8-methozypsoralen on serum
sulfhydryl
Without s-MP With 8-MP
1 21.0 20.0
2 30.0 30.0
3 21.0 21.0
4 21.0 22.0
5 21.0 21.0
6 20.0 21.0
Average 21 1.5 23 1.5
pathways of methoxypsoralen and quantitative
tissue assay methods for specific compounds must
be ascertained.
In a similar but unpublished series of experi-
ments, the irradiation effect on epidermal and
serum sulfhydryl was not as pronounced with
long-wave ultraviolet light as with wide spectrum
ultraviolet exposure. Also, in animals given
injections of methoxypsoralen, serum sulfhydryl
levels were increased after broad spectrum ex-
posure, but not after long-wave ultraviolet ir-
radiation. However, much less energy was utilized
when the long-wave source was used; therefore
definite conclusions cannot be drawn from com-
paring data.
In another similar study, short-wavelength
ultraviolet irradiation did not effect serum sulfhy-
dryl. The energy administered was almost iden-
tical to the amount utilized in the broad spectrum
lamp studies previously described.
The effect of methoxypsoralen on serum sulf-
hydryl and disulfide following ultraviolet expo-
sure was studied by Goldblum et al. (9). They
found that irradiation caused an increase in serum
sulfhydryl regardless of whether methoxypsora-
len was administered; however, this increase was
less after administration. When serum-contain-
ing methoxypsoralen was irradiated in our study,
The direct effect
Serum SH: pM per 100 ml.
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the sulfhydryl level increased after exposure; yet
high concentrations of methoxypsoralen inhibited
this rise. These findings suggest that mcthoxy-
psoralen hinds with protein during irradiation
and that photosensitizer-protein compounds form
as a result of the action of light.
SUMMARY
This experiment revealed alterations in cpi-
dermal and serum sulfhydryl concentrations in
rats who were exposed to ultraviolet light after
being given 5-methoxypsoralen. The levels of these
concentrations varied significantly with the route
of administration of the phototoxic compound.
In vitro effects of ultraviolet exposure on serum
sulfhydryl with and without methoxypsoralcn
also were investigated. High concentrations of
methoxypsoralen prevented the usual post-
irradiation rise of sulfhydryl.
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